Purpose The aims of the study were to assess the magnitude and predictors of the unmet need for spectacles utilization and to quantify its impact on health-related quality of life (HRQOL) among rural Chinese adolescents. Methods This school-based survey of 2346 grade-7 students (mean age: 13.8 years) was conducted in Southwestern China in 2016. Spectacles need was defined as uncorrected visual acuity (VA) of 20/40 or worse but correctable to 20/40 or better in the better-seeing eye, together with the presence of myopia of less than −0.5 diopters (D), hyperopia of more than +2.0 D, or astigmatism of more than 0.75 D in both eyes. The HRQOL was measured using self-reported versions of 23-item Pediatric Quality of Life Inventory Version 4.0 Generic Core Scales (PedsQL 4.0). Results Among 579 (24.7%) adolescents with an uncorrected VA of 20/40 or less, 483 (83.4%) needed vision corrections and 172 (35.6%) used them. Higher parental education levels (odds ratio (OR) = 2.73; 95% CI, 1.29-5.77), negative attitude regarding spectacles (OR = 0.49; 95% CI, 0.25-0.97), and poorer uncorrected VA (OR = 31.27; 95% CI, 3.76-260.23) were independent determinants for spectacles utilization. Adolescents not using spectacles had a lower HRQOL score compared to those using spectacles in terms of psychosocial health (65.91 vs. 70.59; P = 0.028), emotional health (56.85 vs. 63.24; P = 0.012), and social functioning (72.99 vs. 78.60; P = 0.036). Conclusions The rate of spectacles utilization in rural China was low. Adolescents were not accustomed to use spectacles had a worse HRQOL score.
Introduction
Vision problem is a global health concern, especially in children and adolescents [1, 2] . China is the world's most populous country and may have the greatest burden of vision loss throughout the world. According to a conservative estimate, there are more than 6 million children and adolescents aged from 5 to 15 years suffering from visual disabilities in China [1] . Uncorrected refractive errors contribute largely to vision loss in children and adolescents. The global prevalence of reduced vision due to uncorrected refractive errors ranges from 1.3 to 22.3% [3] [4] [5] , with the highest rate being observed in Chinese adolescents [4] . Impaired vision, if untreated, poses significant socioeconomic burdens [2] and may lead to lifelong adverse consequences, such as reduced cognitive abilities [6] , unstable emotional developments [7] , poor academic performances [8] , higher social unemployment rates [9] , and impaired health-related quality of life (HRQOL) [10] .
Spectacle is a cost-effective and safe intervention for refractive corrections [8, 11] . Previous findings have indicated that the unmet need for refractive corrections is widespread [4, [12] [13] [14] . In China, for example, only 16-35% of the students needing spectacles are actually wearing them [15, 16] . However, few data are available in rural These authors contributed equally: Deng-Juan Qian and Hua Zhong.
communities, where vision-related health resources are relatively limited. More importantly, although previous studies have reported that childhood vision disorders were related to a worse HRQOL [17] [18] [19] [20] , the impact of the unmet need of spectacles wearing on HRQOL remains unrevealed. Considering that HRQOL measurements are becoming increasingly important in clinical and health service research [21] , it is imperative to quantitatively assess the impact of vision corrections on children's HRQOL, which are important to guide clinical managements and health resource allocations.
The Andersen Behavioral Model is a widely used sociological model for detecting the determinants of health services utilization in medical settings [21] . The model includes three structural components: predisposing factors, enabling factors, and need characteristics. As a mature theoretical framework, it has been widely used both in original investigations [22] and systematic reviews [23] regarding different health outcomes. To help with the explanation of school-based vision service utilization, the Andersen Behavioral Model [24] was employed to assess the predictors of spectacles utilization in this study.
The objectives of this study were (1) to describe the prevalence and determinants of spectacles utilization among rural Chinese adolescents by employing the Andersen Behavioral Model; and (2) to further examine the impact of the unmet need of spectacles utilization on generic HRQOL scores in the same cohort.
Materials and methods

Participants
This school-based survey was conducted in 2016 aiming at longitudinally observing the onset and progression of common vision disorders among school students in Mojiang, which is located in Southwestern China. Cohort participants were grade-7 students in middle schools who would be followed up annually until entering high schools. The compulsory schooling system in China would largely facilitate the establishment of the cohort and increase the follow-up rate. Based on the official records, there were totally of 2510 grade 7 students from ten middle schools in Mojiang. Ultimately, 2346 (93.5%) of them with a mean age of 13.82 (standard deviation (SD): 0.84) years completed eye examinations in the study, including 1213 (51.7%) boys and 1133 (48.3%) girls. Permission was obtained from at least one parent or legal guardian of each participant by telephone calls and, if unavailable, through home visits.
Ethical approval was prospectively granted by the Institutional Review Board of Kunming Medical University.
Declaration of Helsinki involving human participants and the approved guidelines were followed throughout.
Ocular examinations and procedure
Extensive ocular examinations including visual acuity (VA) measurements, ocular motility evaluations, investigation of eye diseases by utilizing slit lamp and ophthalmoscopy, measurements of intraocular pressure by non-contact tonometer, tests for cycloplegia, post-cycloplegic refractions, measurements of ocular biometry data employing an IOL Master (Carl Zeiss Meditec AG, Jena, Germany) and the assessments of the external eye, anterior segment, media, and retinal fundus were carried out by optometrists or trained technicians at each school site.
Baseline VA test was performed separately on each eye with the right eye being tested first. In a well-lighted room with the illumination being~500 lux, study participants underwent a reduced retroilluminated logarithm of the minimum angle of resolution (logMAR) E-chart (Precision Vision, Villa Park, IL) at 4-m distance, starting from the top line of the chart, letter by letter. If students correctly read 4 of 5 letters or more on the 20/200 rows, they were asked to identify the 20/100 rows, the 20/50 rows, and the 20/10 rows, successively. The measurement of the previous line was recorded as the result if one incorrectly identified more than 1 letter in the row. Study participants who failed to read any character at the 4-m point, were ask to advance to the 1-m point, progressing down the chart as described earlier and the result was divided by 4 [16, 25] . Presenting visual acuity (PVA) was defined as the number of letters read correctly without spectacles or with their habitual corrections on the day of the examination.
Two drops of cyclopentolate (1%) were administered to each participant twice with 5 min apart. After 30 min, if the pupil size was <6 mm or the pupil was reactive, a third drop was applied. Afterwards, cycloplegic refraction was measured using an autorefractor (RM-8000; Topcon Corp., Tokyo, Japan). The average reading of five consecutive measurements of refraction were calculated for data analyses. All five readings should be at most 0.50 diopters (D) apart in both the spherical and cylinder components.
Questionnaires
Information regarding demographic characteristics, spectacles utilizations, myopia-related lifestyle exposures, details of ophthalmic histories, family wealth, parental histories of myopia, and parental educations was collected using predesigned questionnaires. The attitudes of participants towards spectacles utilization and eye care were collected. For example, agreement of "spectacles help improving performance for myopic students" was considered as positive attitude and disagreement was considered as negative. Body mass index (BMI, kg/m 2 ) was calculated by one's weight in kilograms divided by the square of one's height in meters. Furthermore, a Chinese version of the Children's Sleep Habits Questionnaire (CSHQ) [26] was also used to measure the presence of disordered sleep in this study.
Instruments for measuring HRQOL
We measured the HRQOL using the 23-item Pediatric Quality of Life Inventory Version 4.0 Generic Core Scales (PedsQL 4.0) [20, 21] as reported by each participant. The PedsQL 4.0 is a simple, well-developed and extensively used instrument for measuring HRQOL among adolescents aged 13 to 18 years. The instrument comprised of physical health (eight items), emotional health (five items), social functioning (five items), and school functioning (five items). Responses were made on a 5-point Likert scale with 0 denoting "never a problem" and 5 denoting "almost always a problem". Responses were reversely transformed to a 0 to 100 scale with higher scores representing a better HRQOL.
Definitions of spectacles need and utilization
The definition of spectacles need and utilization was similar to a previous study in Chinese children and adolescents [16] . Spectacles need was defined as either uncorrected VA of 20/40 or worse and could be improved with correction to be 20/40 or more in the better-seeing eye, together with the presence of myopia of −0.5 D or less, hyperopia of +2.0 D or more, or astigmatism of 0.75 D or more in both eyes. Refractive errors were estimated based on the spherical equivalent refraction (spherical power + 1/2 × cylindrical power). Spectacles utilization was defined based on wearing spectacles at school.
Data analysis
For the analysis of rates and determinants of spectacles utilization, adolescents without spectacles need were excluded (n = 1863). Multivariate logistic regression models were fitted to determine the odds ratios (ORs) and corresponding 95% confidence intervals (CIs) of associated factors for spectacles utilization. Determinants of spectacles utilization were further categorized into predisposing, enabling and need factors based on the Andersen Behavioral Model. PedsQL scale values were estimated by adding the value of the 23 items and then dividing the sum by the number of items responded. All data were analyzed using SPSS V16.0 (Statistical Package for Social Science).
A two-sided P < 0.05 was considered to be statistical significant.
Results
In this study, one in four adolescents had an uncorrected VA of 20/40 or less among the all the 2346 adolescents. Compared with adolescents with reduced VA (VA of 20/40 or worse), those with an uncorrected VA of better than 20/ 40 tended to be boys (55.9% vs. 44.1%; P < 0.001), and have more hyperopic refraction (0.31 D vs. −2.05 D; P < 0.001). Girls (31.2%) were significantly more likely to be affected by vision problems than boys (18.6%) (P < 0.001). The prevalence of spectacles utilization was 35.2% (67/185) for girls and 36.2% (105/298) for boys with no significant sex difference (P = 0.45) among the 483 adolescents needing spectacles. The prevalence of reduced PVA (PVA of 20/40 or worse) was 17.4 and 82.6% among students using and not using spectacles, respectively (P < 0.001). The mean spherical equivalents of the two groups were −3.18 D and −0.04 D (P < 0.001).
Compared with adolescents not using spectacles, those who used were taller, were more likely to be the only child in the family (42.4% vs. 23.8%; P < 0.001), had better educated parents (having at least one parent with high school education or above, 47.7 vs. 22.2%; P < 0.001), had higher family incomes (family income per month > 5000 yuan, 22.1% vs. 9.0%; P < 0.001), lived in a larger house (family building area > 100 m 2 , 33.7% vs. 21.2%; P = 0.002), were more likely to report to have myopia by themselves (96.5% vs. 83.0%; P < 0.001), held positive attitude towards spectacles (spectacles help improving performance for myopes, 87.5% vs. 79.0%; P = 0.031), and had more myopic parents (having at least one myopic parent, 15.5% vs. 5.8%; P = 0.001). In contrast, they were less likely to hold negative attitude (spectacles make vision worse, 56.0% vs. 67.8%; P = 0.034). There were no differences in terms of age, sex, parental attitudes towards spectacles wearing between the two groups (all P > 0.05). (Table 1) .
Consistent with the Andersen's behavioral model, demographics, attitudes towards spectacles utilization, and family structures were classified as predisposing factors. Enabling factors included family income and house area size in our study. Measured vision status and self-evaluated health status were fitted in need factors. Multiple logistic regression analysis revealed that parental education levels were positively associated with spectacles utilization (OR = 2.73; 95% CI, 1.29-5.77). In turn, those who held the attitudes that spectacles made the vision worse were less likely to use spectacles (OR = 0.49; 95% CI, 0.25-0.97).
For need factors, we found that the prevalence of spectacles utilization substantially increased with a poorer uncorrected VA (OR = 31.27; 95% CI, 3.76-260.23). There was a nonsignificant trend towards a positive relationship between spectacles utilization and self-reported myopia (OR = 1.92; 95% CI, 0.61-6.06). (Table 2) .
The means and 95% CIs of the PedsQL sub-scale and total scale values stratified by the presence of spectacles utilization among adolescents needing them are shown in Table 3 . We observed marginally positive relationships between presence of spectacles and emotional health, social functioning and school functioning scale scores in univariate analysis (all P values were between 0.05 and 0.10). After controlling for possible confounders such as age, sex, parental education, BMI, family income, number of children in the family, and the CSHQ values, those using spectacles still had significantly higher psychosocial health scores than those who did not use (P = 0.028). However, the PedsQL total scores and physical health scores did not show significant variations between the two groups after multivariate adjustments (P > 0.05).
Discussion
Our school-based investigation provided novel data on the magnitude and predictors of the unmet need of spectacles among adolescents in rural China. In general, spectacles utilization rate in rural China was similar to that of adolescents of similar ages in urban areas [16] . Those using spectacles had a lower HRQOL compared to those who did not use, particularly in terms of psychosocial health scores.
To the best of our knowledge, there has been a paucity of data focusing on spectacles utilization among adolescents in rural China. Our prevalence estimates of spectacles utilization among rural Chinese adolescents are comparable to those reported among similar-aged individuals in urban China using similar study protocols and definitions of the outcome variables [16] . In our study, the crude prevalence of spectacles utilization (35.6%) was higher than that reported in rural-to-urban migrant students (23.0%) but was similar to that among urban students (35.3%) [16] . According to the Chinese national census data in the year of 2010 (http://www.stats.gov.cn/), there are around 8.6 million rural and 3.4 million urban adolescents aged 13 years in China. Based on the results of the current study, the projected numbers of rural adolescents who need spectacles were about 7.2 million, among whom, 4.6 million had not worn spectacles yet. This estimate was almost three times than their counterparts in urban communities in China. Thus, health practitioners and policy makers should be aware that more efforts and resources should be channeled towards addressing this major public health concern in rural communities in China.
In this study, parental education, adolescents' attitudes towards spectacles utilization and uncorrected VA were significant determinants to spectacles utilization after adjustment for potential confounders. As reported previously [27] , low attention and consciousness of the need for visual corrections from parents and adolescents may lead to the low rates of spectacles utilization. Our results showed that adolescents who hold the attitudes that "spectacles make the vision worse" were less likely to wear spectacles. The finding highlights the necessity of the wide-ranged health education programs and supports the assertions of Andersen's behavioral model of health care utilization that individual factors affect health care Data presented are means (SDs) or n (%), as appropriate for variable.
Bold value indicates statistical significance (p < 0.05).
utilization. Additionally, adolescents whose parents had a higher education level and a higher rate of spectacle wearing were more likely to wear spectacles. However, parental spectacle wearing was a predisposing factor of adolescents' spectacle utilization in univariate but not multivariate analysis (Table 3) . Thus, parental spectacles wearing may be simply an indicator rather than an independent risk factor for spectacles utilization in offspring. Reduced VA has emerged as a strong indicator of need as suggested by other studies, given the blurred vision conditions [16] .
Other than the predisposing factors of demographic factors in the original model, our work indicated that parental education is also a pertinent factor for spectacles utilization. The Andersen's model also incorporates predictors at the socio-political level of the medical resource [24] which is not collected in our case. Unquestionably, vision health services usage is a complex behavior because of the interplay of a myriad of factors. Future research should aim to elucidate some other factors in relation to spectacles utilization, such as need for care and health alternative resources.
Adolescents who did not use spectacles had statistically though not clinically worse emotional and social functioning as measured by the PedsQL after controlling for possible confounding variables. Numerous studies have explored the relationship between HRQOL and various ophthalmic conditions, such as glaucoma [17] , strabismus [18] , uncorrected refractive errors [7] , and reduced VAs [19, 20] . Reduction in HRQOL scores caused by eye disorders was substantial. For example, the Multi-ethnic Pediatric Eye Disease Study (MEPEDS) showed that strabismus was significantly linked with a worse HRQOL among preschool children [18] . Another example was a snapshot qualitative research, where lower vision-related quality of life was identified to be related to uncorrected refractive errors and refractive corrections were proven to be associated with subjective improvements, such as improved academic performance among Indian children [7] . Despite disparities in study protocols, our findings were consistent with the general conclusions of previous studies, which showed a negative impact of reduced VA or uncorrected VA on individual's HRQOL [7, 19, 20] . In addition to the impacts on collective activities, social life and thus lower social functioning, our study also suggested a deleterious impact of worse vision on emotional health of adolescents who did not use spectacles. The reasons for this phenomenon are visualized. Children or adolescents, especially girls, with vision problems are easy to be embarrassed, feel inferior and develop introvert personalities [7, 20] . Nevertheless, moderate reduced VA or uncorrected refractive errors are always called "vision conditions" or "ocular disorders" rather than "eye diseases" and may influence slightly on adolescents compared with "eye diseases" such as cataract and glaucoma. Furthermore, our instruments for measuring HRQOL were generic rather than vision-specific and may not be sensitive enough to detect a remarkable reduction in the overall HRQOL scores between adolescents using or not using spectacles. Besides the studies on children and adolescents, the European Eye study [28] has drawn similar conclusions among adult populations, suggesting that the reduced VA caused by unmet need for spectacles may last from childhood to older life stage.
Considering that Chinese rural populations account for over 80% of the national population and have only limited access to health care services, understanding the prevalence, predictors, and impacts of the unmet need for spectacles in rural areas of China is of utmost importance from a public health perspective. Our findings revealed that visually impaired adolescents without spectacles had a significantly decreased psychosocial health score, which may result in mental health problems. Nowadays, reduction of health inequalities has become a main policy target in many countries and there is a universal recognition of the disadvantage of mental health [29, 30] . Thus, it is essential for Chinese governments and health policy makers to plan affirmative-action programs related to vision health among rural school students. To the best of our knowledge, the current study was the first one that employed the Andersen behavioral model to assess the determinants of spectacles utilization in rural China. We also had a large sample size, a high response rate and detailed clinical examinations. Our study was limited by the lack of information on societal determinants of eye care utilization, which are important composition of the original Andersen's behavioral model. Furthermore, in this study, we only assessed whether adolescents used spectacles but did not evaluate whether the spectacles they used were adequate. Last but not least, the cross-sectional design was limited to determine causation when analyzing risk factors.
In conclusion, a low rate of spectacle utilization was observed among Chinese adolescents living in rural communities. Our study also suggested that visually impaired adolescents without refractive corrections might have lower psychosocial health scores and subsequently a higher risk of mental health problems. These findings may have important public health implications for China and other resourcelimited economies with regards to the reduction of unmet need for spectacles among school-aged adolescents.
Summary
What was known before
• Childhood vision disorders were related to a worse health-related quality of life.
What this study adds
• Our work provided novel data on the magnitude, predictors, and impacts of the unmet need for spectacles utilization.
• Adolescents without spectacles had a worse healthrelated quality-of-life score. 
